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Description 

METHOD OF ENANTIOSELECTIVE NUCLEOPHILIC ADDITION 
REACTION OF ENAMIDE TO IMINE AND SYNTHESIS METHOD OF 
a-AMINO-y-KETO ACID ESTER 

Technical Field 

The present invention relates to a method of an enantioselective 
nucleophilic addition reaction of enamide to an inline which enables an 
asymmetric synthesis of a compound which is useful as a raw material or a 
synthesis intermediate for producing a pharmaceutical preparation, an 
agricultural chemical, a fragrance, a functional polymer or the like and, as an 
application thereof, a synthesis method of an a-amino-y-keto acid ester or the 
like. 

Background Art 

Conventionally, a method of a nucleophilic addition reaction to an imino 
group of an imine compound has been studied and, in recent years, this 
nucleophilic addition reaction has drawn attention as a measure for efficiently 
and asymmetrically synthesizing an amino acid derivative as a raw material or 
an intermediate for producing a pharmaceutical preparation, an agricultural 
chemical, a fragrance, a functional polymer or the like. 

Under these circumstances, the present inventors have developed and 
disclosed a method for synthesizing an N-acylated amino acid derivative by a 
nucleophilic addition reaction to an N-acylimino ester compound by using a 
polymer-carrying catalyst (Journal of Combinatorial Chemistry, 2001, Vol- 3, No. 
5, 401 to 403) and, further, a method for enantioselectively synthesizing these 
compounds by using a chiral copper catalyst (Org. Lett. Vol. 4, No. 1, 2002, 143 
to 145; J. Am. Chem. Soc. Vol. 125, No. 9, 2003, 2507 to 2515). 

However, the nucleophilic addition reaction on which the present 
inventors have studied is limited to such nucleophilic reactants as a silyl enol 
ether and an alkyl vinyl ether and, accordingly, a subject to which the 
nucleophilic addition reaction is applied and such application thereof have 
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ATTACHMENT A 



inevitably been restricted. 

Then, under these circumstances, the present invention has an object of 
providing a method of an enantioselective nucleophilic addition reaction to an 
imine compound which enables an asymmetric synthesis of an amino acid 
compound or the like which is useful as a raw material or a synthesis 
intermediate for producing a . pharmaceutical preparation, an agricultural 
chemical, a fragrance, a functional polymer or the like and, further, as an 
application thereof, a novel synthesis method of the amino acid compound or the 
like. 

Disclosure of the Invention 

In order to solve these problems, according to a first aspect of the 
present invention, there is provided a method of an enantioselective nucleophilic 
addition reaction of enamide which is a method of a nucleophilic addition 
reaction of an enamide compound accompanied by generation of an amino group 
to an imino group (-CH=N-) of an imine compound and which is characterized 
by allowing the reaction to be performed in the presence of a chiral copper 
catalyst. 

Then, with reference to the above-described method, according to a 
second aspect of the invention, there is provided the method of the 
enantioselective nucleophilic addition reaction of enamide which is characterized 
in that the chiral copper catalyst is constituted by a copper compound which is a 
salt of an organic or inorganic acid or a complex or composite of the salt, and a 
chiral diamine ligand and, according to a third aspect of the invention, there is 
provided the method of the enantioselective nucleophilic addition reaction of 
enamide which is characterized in that the chiral diamine ligand has an ethylene 
diamine structure as a portion thereof. 

Further, according to a fourth aspect of the invention, with reference to 
the above-described method, there is provided a method for synthesizing an 
optically active a-amino-y-imino acid ester which is characterized in that the 
imine compound is represented by the following formula (1): 
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(wherein R 1 represents a hydrocarbon group which may have a 
snbstituent; R 2 represents an R°-CO- or R 0 -O-CO- group, wherein R° represents 
a hydrocarbon group which may have a substituent) ; and the enamide compound 
is represented by the following formula (2): 



I (2) 




R 1 

(wherein R 3 represents a hydrocarbon group which may have a 
substituent or a hydrocarbon group which may have a substituent to be bonded 
via an oxygen atom; R 4 represents a hydrocarbon group which may have a 
substituent; and R s and R* may be same with or different from each other and 
each represent a hydrogen atom or a hydrocarbon group which may have a 
substituent, wherein at least one of them represents a hydrogen atom) and 
generates a compound, namely, an a-araino-y-imino acid compound, represented 
by at least one of the following formulae (3): 
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(wherein R , R a , R , R*, R s and R fi each represent same article as 
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described above). 

According to a fifth aspect of the invention, there is provided a method 
for synthesizing an optically active ct~amino-y-keto acid ester which is 
characterized in that, after the above-described nucleophilic addition reaction, 
an acid treatment is performed, to thereby generate a compound represented by 
at least one of the following formulae (4): 




(wherein R 1 , R 2 , R 4 , R* and R* each represent same article as described 
above) and, further, according to a sixth aspect of the invention, there is 
provided a method for synthesizing an optically active cc-araino-y-kcto acid ester 
which is characterized in that, after the above-described nucleophilic addition 
reaction, a reduction treatment is performed, to thereby generate a compound 
represented by at least one of the following formulae (5): 




(wherein R 1 , R 2 , R 3 , R 4 , R 5 and R 6 each represent same article as 
described above) and, further, according to a seventh aspect of the invention, 
there is provided a method for synthesizing optically active y-lactams which is 
characterized in that an acyl group of a y-amino group of the thus-synthesi2ed a, 
y-diamino acid ester is removed, to thereby generate a compound represented by 
at least one of the following formulae (6): 
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(wherein R\ R 4 , R 5 and R 6 each represent same article as described 

above). 

Best Mode for Carrying Out the Invention 

The present invention has characteristics as described above and is, 
further, described with reference to embodiments thereof. 

In a method of an enantiosejective nncleophilic addition reaction of 
enamide to an imine compound according to the invention, a chiral copper 
catalyst is used as a catalyst. As for the chiral copper catalyst on this occasion, 
various types of such chiral catalysts in each of which a copper atom is 
indispensable for a constitution thereof and to each of which a chiral organic 
molecular structure is attached are considered. Ordinarily, the chiral copper 
catalyst is constituted by a copper compound and a chiral organic compound and, 
more practically, from the standpoint of reaction yield and enantioselectivity, the 
chiral copper catalyst constituted by a copper compound and a chiral diamine 
ligand compound is favorably considered. 

The copper compound may be selected from among various types of salts, 
complex salts, organic metal compounds and the like as a monovalent or bivalent 
copper compound and, among other things, a salt with an organic or inorganic 
acid, a complex or organic composite of the salt is favorably mentioned. Among 
these compounds, a salt with a strong acid, for example, a salt of 
(per)fluoroalkyl sulfonic acid, perchloric acid or sulfonic acid, a complex or an 
organic composite of the salt is favorably illustrated. For example, Cu(OTf) 2 , 
C11CIO4, CuC10HCH 3 CN are mentioned. 

As for the chiral diamine ligand as a counterpart, an article having an 
ethylene diamine structure in a molecular constitution as a portion thereof is 
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favorably used. On this occasion, an amino group may contain an imine bond. 
For example, as representatives, various types represented by the following 
formulae are illustrated: 



On this occasion, R in the formulae represents a hydrocarbon group 
which may have a substituent. The hydrocarbon may be any one of various 
types in a chain state or a cyclic state and may have, as a substitnent, a halogen 
atom, a hydrocarbon group of an alkyl group or the like, an alkoxy group or the 
like. Further, Ph (phenyl group) in the formulae may have a substituent. 

With reference to the chiral copper catalyst as described above 
according to the invention, a complex may previously be prepared by using a 
copper compound and a chiral organic molecule and, then, used as a catalyst, or 
the copper compound and the chiral organic molecule may be mixed with each 
other in a reaction system and, then, used. As far as a ratio in use as a catalyst 
is concerned, the copper compound or the complex of the copper compound and 
the chiral organic molecule is used at a rate of ordinarily from about 0.5 to 
about 30% by mol against the imine compound. 

The imine compound to be used in the reaction may have any one of 
various types of structures. For example, such imine compound as this is 
represented by the above-described formula (1), This article has an ester bond 
portion and reference mark R 1 in the formula represents a hydrocarbon group 
which may have a substituent. The hydrocarbon group may be any one of 
various types of hydrocarbon groups, for example, a chain or an alicyclic 
hydrocarbon group, an aromatic hydrocarbon group and mixtures thereof. As 
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for such substituents, so long as they do not interfere with the nucleophilic 
addition reaction, the hydrocarbon group may appropriately have any one of 
various types of substituents such as a hydrocarbon group such as an alkyl 
group, an alkoxy group, a sulfide group, a cyano group, a nitro group, and an 
ester group. 

Further, reference mark R 3 may be, as described above, R°-CO- or 
R 0 -O-CO-, in which R° may appropriately be selected from among hydrocarbon 
groups which each may have a substituent. 

The enamide compound as a counterpart can, for example, be 
represented by the above-described formula (2), As for characteristics thereof, 
it has an amide bond or a carbamate bond. As for reference marks in the 
formula, R 3 represents a hydrocarbon group which may have a substituent or a 
hydrocarbon group which may have a substituent to be bonded via an oxygen 
atom; and R s and R 6 may be same with or different from each other and each 
represent a hydrogen atom or a hydrocarbon group which may have a 
substituent, in which at least one of them represents a hydrogen atom. 

The hydrocarbon group may be any one of various types of hydrocarbon 
groups in a same manner as described above, for example, an aliphatic 
hydrocarbon group, an alicyclic hydrocarbon group, an aromatic hydrocarbon 
group and mixtures thereof. As for such substituents, various types of 
substituents such as a hydrocarbon group such as an alkyl group, a halogen atom, 
an alkoxy group, a sulfide group, a cyano group, a nitro group, and an ester 
group are appropriately be considered. 

Further, as for reference mark R 3 , a hydrocarbon group which is bonded 
via an oxygen atom such as -OEt, -O l Bu, or -OBn is appropriately illustrated. 
As for reference mark R 4 , an article having a substituent such as a phenyl group, 
a naphthyl group, or any one of these groups each having a substituent such as a 
halogen atom, an alkyl group, or an alkoxy group is favorably illustrated. 

In the nucleophilic addition reaction of the imine compound to imino 
(-CH=N-), an appropriate organic solvent, for example, a halogenated 
hydrocarbon, any one of nitriles, or any one of ethers may be used and, in a 
reaction temperature, a range of from about -20°C to about 40° C can 
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appropriately be adopted. A ratio of the imine compound to the enamide 
compound to be used in an atmosphere of the air or in an inert atmosphere can 
appropriately be set to be in the range of from about 0.1 to about 10 in terms of 
a molar ratio. 

In the nucleophilic addition reaction of the enamide compound, when a 
reaction between the imine compound represented by the above-described 
formula (1) and the enamide compound represented by the above-described 
formula (2) is taken as an example, an optically active a-amino-y-imino acid 
ester represented by the above-described formula (3) is enantioselectively 
generated. 

By either without isolating or isolating this compound, an acid treatment, 
for example, an acid treatment by using an aqueous solution of HC1, HBr or the 
like is performed, to thereby obtain the optically active a-amino-y-keto acid 
ester represented by the above-described formula (4) at high yield and with 
excellent enantioselectivity. 

Further, on the other hand, without performing the acid treatment but 
performing a reduction treatment, the a, y-diamino acid ester represented by the 
above-described formula (5) can be obtained at high yield and with excellent 
enantioselectivity in a same manner as described above. The reduction 
treatment on this occasion can use, for example, a boron reducing agent 
compound, any one of other metal hydrides or a metallic hydrogen complex 
compound. Then, the thus-generated a, y-diamino acid ester can favorably be 
converted into any one of y-lactams as represented by the above-described 
formula (6) by removing an acyl group on an amino group by an appropriate 
method (for example, catalytic hydrogen reduction- or the like, when the acyl 
group is a benzyloxycarbonyl group). 

Hereinafter, the present invention is described in detail with reference to 
embodiments. It goes without saying that the present invention is not limited to 
these embodiments. 

Examples 
<Example 1> 
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Cu(OTf) 2 (7.2 nig, 0.020 mmol) was dried for 2 hours at 100°C under a 
vacuum and, then, added with a chiral diamine ligand (10.8 mg, 0.022 mmol) 
represented by the following formula: 



in which R represents a 1-naphthyl group in an argon atmosphere and, 
thereafter, added with CH 2 C1 2 (1.5 ml). The resultant light blue solution was 
stirred for 2 hours or more and, further, added with CH 2 C1 2 (1.7 ml) and, then, 
cooled to 0°C. 

Next, the resultant mixed solution was added with a CH 2 C1 2 (0.8 ml) 
solution of enamide represented by the formnla (2) shown in Table 1 and, then, 
gradually added with a CH 2 CI 2 (2.0 ml) solution of an imine compound (0.20 
mmol) represented by the formula (1) consuming 30 minutes aud, thereafter, 
stirred for 15 minutes at 0°C, 

The resultant reaction mixed solution was added with a saturated 
aqueous solution of NaHCOa, to thereby terminate the reaction. Thereafter, the 
reaction mixed solution was allowed to have room temperature and subjected to 
extraction by using CH 2 CI 2 . After the resultant organic phase was rinsed with 
a saturated saline solution, it was dried by dried magnesium sulfate anhydrous. 

After the solvent was evaporated, the resultant residue was dissolved in 
EtOH (3.0 ml), added with a 48% aqueous HBr solution (0.3 ml) and, then, 
stirred for 1.5 minute at room temperature. 

After the resultant reaction solution was added with an aqueous sodium 
hydrogen carbonate solution under an ice-cooled condition, it was subjected to 
extraction by using CH 2 C1 2 and, then, the resultant organic phase was subjected 
to a saturation rinse by using a saturated saline solution and, thereafter, dried 
by using maguesium sulfate anhydrous. Next, the solvent was evaporated 
therefrom to obtain a erode product. The crude product was purified by using 

silica gel chromatography. 

In Table 1, reaction yield and ee (%) in accordance with the type of 
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enamide are shown. On this occasion, the ee (%) was determined by an HPLC 
analysis. 



Table 1 



Ma 

liO. 


Imine compound 


Enamide compound 


Yield 

(%) 


ee 
(%) 


R 1 

XV. 


R 1 

fx. 


n 3 


T>4 

K 


R 


1 


Et 


COC„H 23 


BnO 


Ph 


H, H 






2 


Et 


COCH 3 


BnO 


Ph 


H, H 


\ 72 


94 


3 


Bn 


COC„H 23 


BnO 


Ph 


H, H 


89 


91 


4 


Et 


COCnH23 


Me 


Ph 


H, H 


83 


85 


5 


Et 


COC„H 23 


BnO 


4-MeO-Ph 


H, H 


97 


90 


6 


Et 


COCH 3 


BnO 


4-MeO-Ph 


H, H 


76 


92 


7 


Et 


COC11H23 


BnO 


4-Cl-Ph 


H, H 


89 


90 


8 


Et 


COC„H 2J 


BnO 


4-Me-Ph 


H, H 


93 


91 


9 


Et 


COC„H 23 


BnO 


2-naphthyl 


H, H 


83 


88 


10 


Et 


COCH 3 


BnO 


2-naphthyl 


H, H 


76 


91 


11 


Bn 


COC„H 23 


EtO 


Me 


H,H 


84 


83 



Identification values of products of Nos. 6, 8, 9 and 10 are shown below. 
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>Me (2ff>Ethyl 2-Acctylamlno-(J-oxo-4-(4- 

methoxyphenyl)butyrate : lOL) 19 b -108.02 (92% 
ee. c 1.61. CHC! 3 ); Mp. U7-118 *C; l KKMR (CDQ 3 ) 
8 a 1,23 (t, 3H. / = 7.1 Hz), 2.01 (s. 3H), 3.53 (dd, IS, J 
= 3.9, 18.0 Hz), 3.70 (dd, 1H, J = 3.9 18.0 Hz). 3.88 (s, 3H). 4.2i (q, 2& 7.1 Hz). 
4.93 (dt, 1H, / a 3.9, 7.7 Hz), 6.67 (d, 1H, /*= 7.7 Hz). 6.94 (d. 2H, / = 8.9 Hz), 7.92 
(d, 2H, 8.9 Hz); »3C NMR (CDCy) 6 = 14.1, 23,2. 40.1. 48.4, 55.6, 61.7, 1 13.9, 
129.1. 130.4, 164.0, 169.9< 1713, I96 v 4: flfc (neat) 1602. 1674. 1741 cm* 1 ; MS (EI) 
m/ z =293 (M*); HRMS (El); Exact mass calod for Q5H19NO5 {M]+, 293.1263. 

Found 293.1273; HPLC, Daicel Chiralcel AD+AD+AD, bcxaqeAPrOH = 4/1, flow 
rate -- 0.75 mL/min : /r = 66.5 min (5), ir = 70.4 tain (J?). 

o f #« sN v^ ^*** 2 ' D<,,iccai,o y^ aatf,lo * 4 * 03to '^' toI y^ bu, y ric 

Jl^Cir add ethyl ester : [a] 27 D -55.3 (91 % ee. c 1 .70, 
C, (H^v^nH O CHQ 3 X Mp. 60-60.5 e C; *H NMR (CDCI3) o = 0.88 (t, 

J 3&/=6.6Hz).U5-1.3S(m,19H). 1.55*1.68 (m. 

2H). 2.14-227 (m. 2H), 2.41 (s. 3Hj. 3.56(dd, 2H, /= 
4-2, 18.1 Hz), 3.71 (dd,2H.J = 4.1. 18.1Hz). 420(q.2H. /=7.1 Hz),4.96 (dt. 1H. / 
■ 4.2, 8.0 Hz), 6.67 (d. 1H. J = 8.0 Hz), 7.26 (apparent.d, 2H, J 9 7.8 Hz), 7.83 
(apparent d. 2H, /= 8.3 Hz): ,3 C NMR (GDQ3) S = 13.9, 14.0, 21.5,. 223, 25.5, 29.0, 
29.229.3,29.5,31.8.36.4.403,48,1,61.5, 128.1. 129.3. 1333, 144.5, 171.2, 172.8. 
197.4; JR (neat) 3310, 2925. 2854, 1742, 1682, 1653, 1607, 1523. 1466. J407. 1367, 
1289, 1207, 1182, 1040, 811 cm-»; HRMS (FAB); Exact mass calcdforCtfHioNO* 
{M+HJ+. 418.2957. Found 418.2958. Anal Calcd for C25H39NO4: C, 71.91; H, 
9.41; K 335. Found; C, 71.68; Hi 9-49; N, 3.72.; HPLC, Daicel Chiralcel Afo 
hexanc/'PiOH - 9/1 , flow rate = 04 mL/min : fR- 19.8 min (25), i* = 22.7 min (2fi). 
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o rf;^^ 5 ^ (2«)-2-I>>decanoylMiin^-fxaphthidt^-2-yI-^x6- 

qqJs^-s^^A^ butyric add ethyl ester : [a} l ? D -45.7 (88% ee, 
CiiHzkJYH 6 c 0.615, CHa 3 );.Mp. 75.0-7&0 °C; iHjUMR 

J (CDC1 3 ) 5 = 0.87 (t, 3ff, / m 6* Hz). 1.10-1 35 (m. 

19H). 1.54-1.66 (m. 2HX2.14-230 (jm. 2H), 3.75 (dd, 1H, /=4.l v J8.0Hz), 3.88 (dd ( 
1H, / = 4.1, 18.0 Hz). 4.22 (q^aH, /- 7.1 Hz), 5.02 (dt. 1H, J~ 4.1. 7.8 Hz). 6.68 (d. 
lH t /= 7.8 Hz), 7.30-740 (m, 1H), 7:50-7.65 (m. 2H). 7.85-8.00 On, 4H); ,3 CNMR 
(CDC1 3 ) $= 14.0, .14.0, 22.6, 23 J. 29.1.29.2, 29.2, 2914, 295. 31.8, 36.5. 405. 48.3. 
61.7. 66.8. 123.4, 126.9. 127.7. 128.0; 128.1,128.5, 128.6, 128,8, 129.6, .130.2. 132.4, 
133.3, 135.8. 171.2, 173.0, 197.9; IR (near) 3333, 3060, 2922, 2852, 1733, 1684, 
1644, 1545, 1468. 140 1. 1366, 1230, 1 173. 1 126, 1047, 8 15, 749, 668, 566 cm 1 ; 
HRMS (El); Exactness calcd for C&gHasiNfCai tMl*> 453.2879. Found 453.2885; 
HPLC. Dai eel Chiralce] AD, hexane/'PiOH = 19/1. flow rate = 1 .0 mL/min : (r = 
29.6 min (S). rfc = 36.3 min (R). 

(2/t>2^cetylamIncMl-naphthalen-2-y|.4-o)a^butyi1c 
acid ethyl ester : [o] ;27 d -81.9 (91% ee, c 0.835, 
CHC1 3 ); Mp, 94-95 °C; IH NMR (CDCI3) 8 = 1 .231 (t. 



3H, /= 7.2 Hz), 2.03 (s, 3H). 3.75 (dd. 2H. /= 3.9, 18.1 Hz), 3.87 (dd. 2H. J=4.2, 
18.1 Hz), 4.22 (q.2H,7= 7.2 Hz). 5.02 (dt, IH, 7=3.9, 8.0 Hz), 6.79 (d, 1H7 = 8jO 
HzX 7.50-7.65 (jn. 2H). 7.85-7^0 (m, 2H). 7.92-8.00 (on. 2H), 8,46 (s, IH); «C NMR 
(CDC1 3 ) 5 = 14J>, 23.0, 40.5, 48.4, 61,6, 123 J, 126.9, 12.7.7,. 128.5, 128.7, 129.5. 
130^, 132.3, 133.2, 135.7, 169,9, 171.1, 197.9; |R (neat) 3289, 3059.2983, 2935. 
1736. 1677, 1541, 1469, 1372; 1281. 1214,1191, Ll24 r 1022, 944. 859, 822 cir-1; 
LRMS (FAB) m/ z <= 3.14 (M+IT); AoaL Calcd for C19H19NO4; G. 68.99; H,*.l 1; N. 
4.47. Found: C, 68.89; H, 6.22; N> 432..; HFLC.Daicel ChMcel Ap.faexaneTfPrOH 
= 4/1, flow rare = jLOniUrain : fc = 13.0 min (25). »r= 15.6 min (2R). 

<Example 2> 

In the synthesis of the product of No. 1 in Example 1, a chiral ligand in 
which R in the above-described formula represents 3,5-di-'BuC 6 H3 was used. 

The yield of the product of No. 1 was 92% and ee (%) was 93. 
<Example 3> 

In the synthesis of the product of No. 1 in Example 1, a reaction was 
performed by using a compound in which R*=Et and R 2 =OC(CH 3 ) 3 as an inline 
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compound and a chiral diamine iigand in which R represents a 2-MeO-C 6 H 4 
group in the above-described formula. 

The yield of the product was 78% and ee (%) was 87. 
<ExampIe 4> 

In the synthesis of the product of No. 11 in Example 1, a chiral diamine 
ligand in which R represents a 3,5-di r BuC 6 H 3 group in the above-described 
formula was used. 

The yield of the product of No. 11 was 81 % and ee (%) was 84, 
<Example 5> 

A nucleophilic addition reaction was performed in a same manner as in 
Example 1 by using an imine compound in which R**Et, and R ? =COCnH 23 in the 
formula (1) and an enamide compound in which R 3 =Et, R 4 =4MeO-Ph, R s -H 
R 6 =Me(E/Z=>99/<l) in the formula (2). The product was isolated without 
performing an acid treatment using aqueous HBr solution. 

The compound described below was obtained with results of yield of 
77%, syn/anti of 86/14 and 94% ee (syn). 



<Example 6> 

A treatment as described below was performed in place of the acid 
treatment by using the aqueous HBr solution in Example 1. 

Namely, the residue was added with Et a O (7.2 ml) and, then, cooled 
to -45°C and, thereafter, added with Lil (133.8 mg, 1.0 mmol) and, subsequently, 



CmHzk^NH lljOEt methyl-butyric add ethyl ester ( synlantizz 

J J 8*14): i HNMR(CDa 3 )8 = 0^8(t3H,/=6.5 




(2R3K>2-DQdetanoyl^nijzio-4- 
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stirred for 30 minutes. The resultant mixed solution was added with LiAlH 
(0'Bu) 3 (254.3 mg, 1.0 mmol) and, then, stirred for 37 hours at -45°C. 

Then, a reaction was terminated by being added with water and, then, 
further added with a IN hydrochloric acid. The resultant solution was 
subjected to extraction by using ether and the resultant organic phase was rinsed 
with a saturated aqueous solution of sodium hydrogen carbonate and, 
subsequently, a saturated saline solution and, then, dried by using magnesium 
sulfate anhydrous. 

The compound described below was obtained in an amount of 93.6 mg at 
a yield of 87% . A ratio of syn/anti was 14/86. 
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O (2R, 4R)-4-B*nzykwcycarbonylfiinino-Z- 

EtO^Y^V Ph dodecanoylatnlao-4-phenyl-butyric add ethyl ester 
Ci tHa^H HN OBn (os] l?j> -2.0 (92% ee, c 0.465, CHCI3); *H NMR (CDCI3) 
O & 5 = 0.88 (t, 3H, J= 6.8 Hz). 1.14-1.38 (m, 19H), 1.48-1.68 

(in. 2H), 2;15-2.42 (m, 4H). 4.0O4.20 On. 2H)..4.54 (to. 1H). 4.82 (bid, 1H, 7 = 4.9 
Hz). 5.05 (d. 1H. / = 12.3 Hz). 5.09 (d, 1H.7* 123 Hz). 5.28 (bis. IH). &I9 (bis, 
1H).. 7^0-7.40 (m. 10H); «C NMR (CDCI3) S = 14.0. 14.1, 22.6, 25.4. 29.2, 293. 
293. 29.4, 29.5. 29.6, 31.8. 36.3, 503, 61.6. 66.8. 1263> 127.8. 128.0. 128,0. 128.1. 
128.4. 128.5, 128.7, 136.3, 155.7, 171,9. 173.1; IR(neat) 3230. 2925, 2854. 2079, 
1715, 1654. 1538, i4f>5. 1254, 1043, 699. 668. 548 cm^HRMS (H>; E*act mass 
calcd for C32H46N2O5 fM]* r 538.3407. fcound 538,3398; Anal. Calcd for 
C3 2 H4iN2D 5 : C, 71,34; H, 8.61; N. 530. Found: C, 71.1 1; H w 8.73; N, 5-06; 
HPLC. Daicel Chiralcel ODH+ODH, hexane/'PxOH = 4/1. (low rate sr 0.2 xnUdlro : 
fe - 49.0 coin (270. = 53$ mm (25). 



O (2R, 45)-4-BenzyloxycarbohyIanilno-2- 

EO'^t^Y' Ph dodecanoylamiflO-J-phenyl-butyric add ethyl ester 
CiiH^^Jh HN OBn M *d -53.6. (92% ee. c 0.225, CHCLsJb Mp. 98-S9 

A S °C; £ H NMR CCDQa) 5 = 0.88 (t. 3H, 7 = 6.6 Hz). 1.18- 

136 (m. 19H). 134-1.70 (in, 2H)>, 4.10-4.26 (m. 2H), 4.62-4.76 (m. IH), 4,82-4.94 
(m, 1H), S.09 (s, 2H), S.53 (d. 1H, 7 =: g^Hz), 632 (d, IH. 7= 7.6 Hz). 73(V7.40 (m, 
10H): *C NMR (CbCb) S = 14.1, 14.2* 22.7, 253,29.2, 293, 293. 293, 29.6. 3 V.9, 
363. 38.6, 49.6j 51.2. 61.8, 67.0, 126.1, 127.7, 128.1, 1283, 1283. 136.2, 14*3. 
156.0, 172.1, 173.2; IR (neat) 3319. 2923. 2852. i733, J691; 1650. 155Q, 1454, 1248. 
1053 cm* 1 ; HRMS (EI): Exact mass calcd for C 37 ^4^2p s (Ml*; 538.3407. Found 
538.3411; Anal- Calcd for C 32 H46N z 0 5 i C, 71.34; H, 8.6lf N. 530.Pbund: C 71.12; 

H. 8.67; N. 5.09; HPLC, Daicel Chiralcel AD, h«ane/*Prf)H = 9/L flbw rate = 0* 
mL/mln : tR - 10.2 min {2i?}, fR = 16.0 min (25). 

<Exainple 7> 

y-lactams were synthesized from the product represented by 
following formula in Example 6: 
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C 1 iH 23 ^NH HN^JDBn 



T T 



Namely, an AcOEt (2.0 ml) solution of the product (26.5 mg, 0-0492 
mmol) was added with 5% Pd/C (10.5 mg, 10% by mol) at room temperature. 
An argon gas in the atmosphere was replaced with an H 2 gas and the resultant 
mixed solution was stirred for from 15 to 24 hours. Pd/C was filtered out and, 
then, a filtrate was subjected to vacnum concentration, to thereby obtain a crude 
product. The thus-obtained crude product was purified by using silica gel 
chromatography and, as a result, a compound as described below was obtained. 

Q*tt (?Rt SS)- Dodepuurfc add (2K>xti^phcnyl^yrToudiD-3- 

OuHzTW H y Mp. ll$4l?°C; lHNMR(CDa 3 >$ = 0.88 (L^H, 7=6.6 

V/gg* Hz). 1.20-1.35 (m, 16H), IJ4-I.68 (m« 2fl). 2,21 (t, 2H. 
7.6 Hz), 2.43 (dw 1H. 7 = 9.3. 13,0 ftz), 2.60-2.75 (m, IH), 4.404.54 (m, 1H), 4.82 
(d, 1H, / = 8.5 Hz) f 6-23 & 1HX 6.62 (d, 1H, 14.4 tfe), 7^0-7.40 (m, 5H); * 3 C 
NMR (GDa 3 ) 5 m 14.1, 22:7, 25.6. 29.3, 294. 29,4, 29i5. 29.6 v 3i.$, 36.3. 38.5, 493, 
55,0, 125.4, 127.9, 129.0, 141.7, 173,9. 175.9; m (neat)3295, 3221, 2920. 2850. 
170], 1646, 1556, 1542, 1507. 1458. 1282,760, 698 cnr 1 ; HRMS (FAB); Exact mass 
calpd for C22H 3 5N 2 02[M+HI^ 359,2698. Found 359.2713.; HPLQDaicel 
Chiralcel AI>K. hexane/'PrOH - 4/1 > flow rate = 0.4 ufiJnnn : ^ = 15.2 ruin (35), fit 
22.7 nun (3fl>. 

Further, a compound as described below was obtained from another 
product in Example 6 in a same manner as described above. 



16 



O^ti (3JJ r 5JQ- Bodecanoic add (2-oro-S-phenyl- pyrrolidine 

c iiH» \\ A a CHCl 3 );Mp, 125-127 °C; iHNM&CCpGb) 5^0.85 ft 
V>/3^% 3flU* 6.6 Hz), 1.15-1.360* 16H), 1.55-1.70 (in, 2HX 
1.70-1.85 (m. tH)/il7-2.27 (m, 2H), 3.10-3.23 (in, 1H), 4.49 (ddd,. tfj. /= S3 % IS. 
U.4Hz),4.65(d4 lH./ e SJ^?.7 iH).tf.08(d> 1 H./ = 4.6 tte), 7.25- 

7,40 (rii, 5H); 13 CNMR (CDd*) 5 = 14.1, 22.7, 25.5, 29.2, 29.3. 29.4.29,6, 3J.9, 
36.4, 41.6, 51.9, 55.3, 126.0, 12S.5, 129,1, 140.5, 173.8, 174,8; IR <ncai) 3297, 3249, 
2922, 2852, 1699. 1643, 1541, 1457. 1420^ 1295, 1242, 1082,75j9> 699 tnr*- HRMS 
(FAB); Exact mass calcd for C22H35N2O2 [M+H]* 359.2698. Pound 359.2702.; 

HPLC, Daicel Chiralcel ADH, bexane/fprOHTis 4/1, flow ialct= 0.4 diL/inin : rR - 
13.5 min (35), <r = 18.2 min OR), 

Industrial Applicability 

As has been described above in detail, according to the present invention, 
there is provided a novel method of an enantioselective nucleophilic addition 
reaction to an imine compound which enables an asymmetric synthesis of an 
a-amino-v-keto acid ester, an a, y-diamino acid ester or the like which is useful 
as a raw material or a synthesis intermediate for producing a pharmaceutical 
preparation, an agricultural chemical, a fragrance, a functional polymer or the 
like. Further, there is provided a novel method for synthesizing any one of 
optically active y-lactams as an application thereof. 
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